INTRODUCTION
Many-body systems can often be modeled using contact interactions, greatly simplifying the analysis while maintaining the essence of the phenomenon to be studied. Such models are almost exactly realized with ultracold gases due to the large ratio of the de Broglie wavelength to the range of the interatomic forces [1, 2] .
For ultracold fermions with mass m and contact interactions U 0 (r − r ), the Hamiltonian H is 
The first term is the kinetic energy, the second the interaction term. Due to the Pauli principle, there is no short range interaction between atoms in the same spin state. The interaction parameter U 0 is proportional to the scattering length a: U 0 = 4 h 2 a/m, where m is the atomic mass. For negative scattering length, this Hamiltonian describes pairing of fermions into Cooper pairs and BCS superfluidity [1] . For positive scattering length the BEC limit is realized where the fermions form composite bosons with a binding energy ofh 2 /ma 2 . The ground state is a Bose-Einstein condensate of atom pairs.
The existence of a bound state for positive scattering length and short range interactions follows from the expression for the s-wave scattering amplitude f(k) = 1/(−1/a -ik) which has a pole on the imaginary axis at k= i/a, corresponding to a bound state of binding energyh 2 /ma 2 . More generally, if the potential is not a delta function potential, the low energy expansion of the scattering amplitude involves the effective range r e and reads f(k) = 1/(−1/a + r e k 2 /2 -ik). The absence of a bound state, i.e. no pole on the imaginary axis, requires r e > a/2, i.e. an interaction potential which is not short range any more.
The Hamiltonian in Eq. (1) is frequently used to describe Fermi gases with short range repulsive interactions. However, the discussion above emphasizes that this neglects the presence of at least one bound state which has to be present due to fundamental properties of the scattering amplitude. A natural question is then to what extent can we prepare and study an atomic system with short range repulsive interactions and neglect the bound pair state? The time scale for conversion into pairs is given by the rate of three-body recombination. If this rate is slow compared to equilibration rates, then the system stays on the repulsive branch of the energy diagram in Figure 1 and we can speak of an atomic gas with repulsive interactions. For bosonic gases, this is the regime in which weakly interacting BoseEinstein condensates have been studied. If the conversion to pairs is fast then it becomes impossible to study a gas with repulsive interactions. Such a gas would represent a region of Hilbert space which is so strongly coupled to other parts (involving bound pairs) that one cannot look at this region in isolation, but has to include bound pairs in the description. Any theoretical description which projects only onto the unbound states [3, 4] is internally inconsistent and does not describe a system which can be realized in Nature (but those simulations are useful to understand individual mechanisms separately).
We present here experimental work studying repulsive interactions and pair formation in Fermi gases [5] [6] [7] . We show that for small scattering length recombination into pairs is slow, and one can study the properties of the atomic system in equilibrium. For large scattering length, the recombination rate becomes comparable to the Femi energy E F (divided byh) and the gas will convert into pairs before equilibrating. It is in this regime where the simplest model for itinerant ferromagnetism has been formulated, the so-called Stoner model [8, 9] . Our work shows that the Stoner model, at least in its basic form, cannot be realized in Nature due to rapid pair formation.
DETERMINATION OF THE COMPRESSIBILITY
The compressibility is a key quantity characterizing a many-body system. Repulsive interactions reduce the compressibility of a gas, attractive interactions increase it. The compressibility can be directly obtained from density profiles in a harmonic trapping potential [7] . In essence, the compressibility is the (normalized) curvature of the atomic density in equilibrium in the trapping potential.
The determination of the compressibility (as the determination of the equation of state [12] ) requires fully equilibrated density profiles, and therefore a lifetime of the cloud against inelastic collisions which is comparable to the trap period. We characterized the lifetime of the cloud by quickly ramping the magnetic field close to the broad Feshbach resonance at 832 Gauss and monitoring the decay of the atom number and the increase in the molecular fraction ( Figure 2 ). As expected we find only a limited window for metastability where we can observe equilibrated clouds. This window limits the interaction strength to k F a < 0.35.
An analysis of the density profiles provides the compressibility as a function of k F a (Figure 3 ). It agrees well with first-order perturbation theory at weak interactions. This is the first observation of the mean-field term in a thermodynamic quantity for repulsively interacting fermions. For stronger interaction, the atoms rapidly convert into pairs making it impossible to characterize the equilibrium density distribution of the atomic gas. The signal-to-noise ratio (and some heating) prevented us from discerning the second-order interaction term which is the Lee-Huang-Yang correction for fermions.
RAPID PAIR FORMATION IN A REPULSIVELY INTERACTING FERMI GAS
In a second experiment (actually carried out before the experiment described above) we have probed much shorter time scales by jumping the magnetic field close to the Feshbach resonance using the discharge of a high-voltage capacitor [11] .
When we approached the Feshbach resonance, we found a rapid decay into molecules which was faster than our time resolution (Figure 4 ). About 30% of atom loss occurs already during the relevant 100 s of ramping through the strongly interacting region, indicating a lower bound of around 3 10 3 s Figure 3 . Measured isothermal compressibility at various interaction strengths. The compressibility is normalized by the value for a non-interacting gas. Open squares show the calculated compressibility of a non-interacting gas at the measured temperature. The compressibility (red circles) decreases due to repulsive interaction as well as finite temperature. These two effects must be separated, and hence the interaction effect is the difference between the open squares and the red circles. Open triangles show the calculated compressibility using first-order perturbation theory, which agrees with the measured compressibility. The temperature of the gas increases with interaction strength due to increasing rates of pair formation (inset). Figure adapted from Ref. [7] . for the loss rate which is 13% of the inverse Fermi time E F /h calculated with a cloud averaged Fermi energy. Since the Fermi time is the shortest possible time scale for local equilibration, it is clear that the rapid conversion into pairs prevents the atomic gas from reaching any metastable equilibrium state.
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ABSENCE OF FERROMAGNETISM
For itinerant fermions with strong short-range repulsion, textbook calculations (based on mean-field approximation or second order corrections) predict a ferromagnetic phase transition, the so-called Stoner model [8, 9] . Intuitively, when repulsive interactions become too strong, the paramagnetic gas phase separates into a spin up and spin down domain. Such a ferromagnetic state has no interaction energy (since spin up and down atoms are spatially separated), but a kinetic energy (Fermi energy) which is increased by a factor of 2 2/3 [5] . A ferromagnetic phase transition is approached with a divergent magnetic susceptibility [13] . According to the fluctuation dissipation theorem, local spin fluctuations are proportional to the susceptibility.
We monitor spin fluctuations by observing a speckle pattern after a detuned laser beam has traversed the cloud [11] . The spin fluctuations lead to index of refraction fluctuations which imprint a speckle pattern into the transmitted beam. Compared to an ideal Fermi gas, the variance of the spin fluctuations should increase by the number of atoms per domain, and diverge at the ferromagnetic phase transition. Since our method can resolve the spin fluctuations of an ideal Fermi gas [14] , it is suitable to observe the onset of domain formation with domains as small as just a few atoms.
For various strengths of the interactions and various hold times, we observed the absence of any major increase of spin fluctuations. This shows conclusively that the samples remain in the paramagnetic phase for arbitrarily large scattering length [11] and does not form any ferromagnetic domains, even in a transient way [11] .
A previous experiment in our group [3] reported evidence for ferromagnetism by presenting nonmonotonic behavior of atom loss rate, kinetic energy and cloud size when approaching the Feshbach resonance, in agreement with predictions based on the Stoner model. Our measurements confirm that the properties of the gas strongly change near k F a ≈ 1. However, the more detailed study rules out that Ref. [3] has observed ferromagnetic behavior.
Our conclusion is that an ultracold gas with strong short range repulsive interactions near a Feshbach resonance remains in the paramagnetic phase. The fast formation of molecules and the accompanying heating makes it impossible to study such a gas in equilibrium, confirming predictions of a rapid conversion of the atomic gas to pairs [15, 16] . The Stoner criterion for ferromagnetism applies when the effective interaction strength times the density of states is larger than one. This is at least an approximately valid criterion for multi-band lattice models [17] . We have shown here that this criterion cannot be applied to Fermi gases with short-range repulsive interactions (the basic Stoner model) since the neglected competition with pairing is crucial. It may be possible to suppress the pair formation in optical lattices or in lower dimensions.
The case of the Fermi gas with repulsive interactions illustrates the capability to simulate Hamiltonians using clean systems of ultracold atoms [12] . For strong interactions, the simulations approach parameter regimes for which controlled calculations are no longer possible. In the case above, we could show that a phase transition predicted by state-of-the-art calculations, does not take place.
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